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OVERVIEW




Motivation

Rocks on the Martian surface

http://geology.isu.edu/wapi/Geo_Pgt/Mod09_Mars/images/VIEWFRMLANDER2VLFMOS21.gif

Landing zones for spacecraft must

be pre-determined as “safe,” and can

be far from areas of scientific Curiosity’s error ellipse on Mars
Interest (20 km minor, 25 km major axis)

http://www.nasa.gov/images/content/573652main_pial4294-anno-43_946-710.jpg
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Project Objectives

Design, manufacture, and test a proof-of-concept light detection and
ranging (lidar) scanning system for a landing spacecraft

Success Levels:

1. Lidar sensor and scanning mechanism, mounted on a stationary
platform, shall record correlated range and attitude measurements
at a 0.1 m spatial resolution from a nadir distance of 14.1 m with a
maximum 20° off nadir

2. System shall scan a known test scene and project measurements into
a 3D point cloud

3. System shall scan a landing-zone mockup and analyze the 3D point
cloud for hazards

4. System shall select a safe landing zone; if no safe landing zone is
found, hazard definition will be loosened until a landing zone is found
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Concept of Operations
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Functional Block Diagram
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Current Design Overview

Now includes a PCB

N\
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Critical Project Elements

CDR Level CPEs:
1.0Optics (obtaining range measurement)
— Still a major CPE, driver of early testing effort

2.Risley Prism Control (achieve desired scan
pattern)

— Still a major CPE, driver of early manufacturing effort
3.Embedded System (sensor communication)

— Significant progress
4.Manufacturing (quantity of work)

— Significant progress
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SCHEDULE




Schedule Overview

Major Task Groups:

2/9/17

Scanning System Manufacturing
Testbed Manufacturing
Electronics Integration

Software Implementation
Testing

Deliverables
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Scanning System Manufacturing

I, Lidar plate

Top bracket I - Completed
Side bracket I = In Progress
Lidar bracket B - \ot Started

Encoder bracket
Encoder mounting block
Encoder hub

Bearing clamp

Baseplate

I Rotor
I | Motor clamp

Prism enclosure

Main housing
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Testbed Manufacturing

I - Completed
I = In Progress

I = Not Started
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Fabrication

Awaiting prism testing




Electronics Integration

I - Completed
I = In Progress

I - ot Started

’M-laTnI‘\IN’TIFls S EEEE :nlM-]?rb[th]F\s e Se’1M.|:|1W1’T|F|S Se|1M-|:’W1|T|F

Encoder hubs finished

Prisms delivered

PCB design : i
Motor integration

Encoder integration
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Software Implementation

I - Completed
I = In Progress

I = Not Started

22 - Jan 2817 Jan 29 - Feb 417 Feb 5 - Feb 11'17 Feb 12 - Feb 1817 Feb 19 - Feb 2517 Feb 26 - Mar 4 17
M| T|w|T|F|s|s|M|[T|w|[T|F|[s|s|M|[T|w|T|F|[s|s|m|[T|w|[T|[F|[s|s|m|[T|w|[T|[F|[s|s|m|T|w|T|F

Part code
Data/error logging

Change data sources

Software testing
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Testing

I - Completed
I = In Progress

I = Not Started

|
Lidar testing ]

Prism testing otor testing

I |Driver testing
I |Encoder testing

Calibratior‘__
System test prep I)F
ystem test

2/9/17 Manufacturing Status Review




Schedule Overview

Manufacturing

Integration

Software
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MANUFACTURING:

MECHANICAL




Manufacturing Status

Support Bracket Finished
e/’// In Progress
Not Started

Procured

Lidar Adjustment
Mechanisms

\
8in Baseplate
12 in
Lidar Brackets Support Bracket
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Manufacturing Status

. Finished
Encoder Mounting Blocks In Progress

Encoder BLDC Stator Not Started
v Rotor Prism Procured

Prism
" Enclosure

\ !

\ / \

Bearing / Enclosure

/ Enclder '\
Hub / Glass

Stator Clamp Scale Main Housing

2/9/17 Manufacturing Status Review




Manufacturing Preparation

 All but one of the uncompleted parts are ready to be
manufactured
— All drawings completed
— Required stock has been procured
— Required tooling has been procured
— Detailed manufacturing procedures are completed

 Prism enclosure requires additional design
— Thermal expansion concerns
— Allowable bearing preload
— Finalization of features for UV curing epoxy application
— Manufacturing cannot begin until 2/14
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Critical Parts
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Critical Parts

Encoder Mounting Blocks

Encoder BLDC Stator
v

/ Enclder \
Hub / Glass
Stator Clamp Scale Main Housing

2/9/17

Rotor _
/ Prism

\

\

Bearing

Prism
Enclosure

v

;

Bearing
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Critical Parts

e Interface

Parts manufactured with excess material

Measure the bearings, prisms, and relevant part diameter

Remove material on the 0.001” and 0.0001” scale, measure and repeat
Prism Installation: U.V. curing epoxy
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Test Setup

« Constructa 6’ x 6’ landing zone
mockup containing features of
known dimensions

« Modular panels can be swapped
and moved to any of nine
locations

* Design is complete but
construction will only occur if the
lidar can get a return signal
through the prisms

2/9/17 Manufacturing Status Review
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MANUFACTURING:
ELECTRICAL/EMBEDDED
SYSTEM



Overview

Required Tasks:
« PCB Design

— Must provide communication between
BeagleBone Black and encoders,
drivers, lidar, and user PC

— Must provide power to all systems

« PCB Population
— Soldering of all components

* Integration of Embedded Systems

Changes Since CDR:
 RS485 =>» Ethernet

2/9/17 Manufacturing Status Review
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Completed Tasks
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Completed Tasks
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Remaining Work

PCB Population

« Simple components must be procured
« Components must to soldered to board

|ntegration Plan

« PCB will be connected to BeagleBone
Black as a shield

e Lidar, motor drivers, encoders, and user
PC must then be connected to PCB

2/9/17 Manufacturing Status Review
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MANUFACTURING:

SOFTWARE




Software: Completed Tasks

 Virtual scans performed in Blender allow for development and
testing of hazard detection algorithms

« Hazards are found by looking at nearby height differences for
each scanned point (Morphological Filter)

Hazard detection with expected uncertainties applied (after calibration)
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Software: Still to Complete

 Algorithm speed improvements
— Initial test shows a need for 70% reduction in computation time

— Pre-computing distance matrices will provide a large speed improvement
by reducing computations and eliminating threaded functions

* Interfacing with hardware

— Implement logging of raw data
— Apply coordinate transformations to translate sensor data into 3D space

— The hazard detection algorithm already works with an incoming point
stream; we just need to change the source of that data

2/9/17 Manufacturing Status Review 33



BUDGET UPDATE




Lidar

Motors

Encoders OPS+Grating
Bearings

Motor Drivers

Risley Prisms

Metal Stock

Tooling

Retro-reflective Tape
Testbed Materials
Misc. Materials
Total

Budget

Component List

Received
Pending (2/15)
Received
Received
Planned
Pending (2/14)
Received
Received
Pending (1 ordered)
Planned
Planned

1658
1170
753.96
877
246
849.77
812
460.98
0
466
7293.71
8300

1628 (Shipping TBD)

1147.61
340.75
[1507.5]

336 (Shipping TBD)

433.55
527.15

42.16 (1 of 9) [418.82]

[200]

[466]
4455.22 [7047.54]

8300

+30
+22.39
+413.21
-630.5
-90
+416.22
+284.85
0
-200
0

+246.17




Breakdown

» Total budget: $8300 ($5000 dept., $1000
UROP, $2300 customer)

 Total spent: $4455.22
* Remaining purchases: $2592.32

 Estimated total spending: $7047.54 ($7293.71
at CDR)

 Estimated Final Margin: $1252.46 (15.1%)
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QUESTIONS?
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Backup Master
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Design Overview
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Critical Parts

 Prism Enclosure

— Housing and interface for prisms

— Manufactured on CNC mill from square stock
« Stock will be squared, creating points of reference
« Can manufacture up to 1° for re-clamps

2/9/17 Critical Design Review
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Hardware Architecture Diagram

Legend Sensor Package
— Information Transfer - " X
ange Measuremen
- Mechanical Connection J Lidar
. 0/4-20 mA
—_— Motor Commutation
—— Lidar Beam
Desired Prism Angular E > : Hollow Core
Position and Phase Motor Driver - BLDC Motor
RS-485
115200 baud rate I I
Angular | 1
Position Optical Rotary I I
Feedback Scale Counts L L
Quadrature Output ) (R
Rotary Prism 1
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BACKUP: GENERAL

CONCEPT




CubeSat Lander Concept

» Landing hazard definition based on hypothetical CubeSat lander
dimensions

« Hazards (obstacles and gradients) identified where the lander could land
more than 15° off of vertical

« Scanning resolution of 10 cm selected to detect ~98% of potential hazards
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Top View Martian Rock Analysis

Top view of Martian surface
Aspect ratio distribution
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Side View Martian Rock Analysis

Side view of Martian surface

Aspect ratio distribution
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Resolution Requirement

« Statistical analysis of rock
size/aspect ratios on Mars

» Created a software map of
a characteristic landing
surface

« Monte Carlo simulation
with different scan
resolutions

« Determine probability of
aliasing over a hazard
(failure) vs. scan resolution
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Shadowing

Visualization of shadowing effects
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Maximum Scan Angle

Blender visualization of a test scene

Resulting points with lidar scan
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BACKUP: DESIGN

REQUIREMENTS
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Lidar Sensor Sampling

Pepperl+Fuchs VDM?28.

« COTS sensor that meets _
requirements and budget constraints

Sensor shortcomings:
« 100 Hz sampling frequency

* Time-averages over 10 ms (takes
2500 samples in that interval)

Possible solution:

* Custom-built sensor with higher
sampling frequency and no time-
averaging

— Cost estimate: ~$10,000

2/9/17 Manufacturing Status Review

point distribution not to scale
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Scan path
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Lidar Sensor Sampling

Resolution

« Spiral Spacing: 8.66 cm

« Arc-point Spacing: 10 cm
Minimum frequency
 Total points: 9,550

o fmin =159 Hz

[ERN
]
o

(100 Hz, 95.59)

Design
Requirement

a1
o
T

Time Required to Complete Scan [9]
=
o
o

0 I I I I I I I I
50 100 150 200 250 300 350 400 450 500
Lidar Sample Frequency [HZz]
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Scan Time vs. Scan Resolution

0.1 m spatial resolution at
14.1 m nadir range with 20°

&

maximum scan angle

Scan process
completed in less
than 60 seconds

Problem: These two closely coupled objectives cannot
be completed concurrently due to financial limitations on

the lidar sensor

2/9/17 Manufacturing Status Review
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Lidar Wavelength

Feasibility for MACULA

* Test surface can be constructed with white
diffuse paint or white retroreflective tape

Why this sensor was selected

* Meets budget and accuracy constraints
 Test surface can be constructed to fit sensor
Benefits of Using 660 nm

* Visible spectrum (verification)

2/9/17 Manufacturing Status Review 70



Lidar Wavelength

* Per FR1, MACULA is proof-of-concept system for
CubeSat lander
— Wavelength can be selected for custom-built sensors

— Implemented systems will choose wavelength based upon
landing surface

http://pics-about-space.com/asteroid-surface?p=1 http://pics-about-space.com/planet-mars-surface?p=1
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Laser Wavelength vs. Cost

* Red lasers are the most common and cheapest to
manufacture

 Laser colors other than red require specialized
crystals with rare-earth elements such as Neodymium

— These extra components can drive up the cost of other color
lasers (yellow, blue, green) to dozens of times the cost of a
red laser

« These colors can have better reflection on certain
surfaces, but do not provide a general advantage over
red lasers
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Detector Functionality

e Parabolic mirror to collect diffuse returns
 Specular returns do not disperse

Parabolic
Mirror

2/9/17 Manufacturing Status Review
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Retroreflection

Luminous Intensity

[candela] — Quantity of Luminous
luminous flux in given Intensity
direction

lHluminance [lux] —
Measure of concentration
on surface

Luminance [candela/m?]
— Measure of flux emitted
from or reflected by a

uniform surface Luminance

http://www.konicaminolta.com/instruments/knowledge/light/concepts/04.html
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Retroreflection

Laser Emitter
e Pulse: <4 nl]
* Pulse length: 5 ns

* Beam divergence: —
— 0=0.057° =
e Luminous 15m — L,
Inten sity: " *not to scale
— 4.24e7 candela

* [lluminance on
surface (15 m, 20° 0.0075 m
from nadir) -

— 1.89e5 lux

/8 = 0.057

0.016 m
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Retroreflection

Reflexite Daybright V92

Prismatic Retroreflector

 Luminance of return:
— 1.23e7 candela/m?

« Luminance of Pepperl+Fuchs
dataSheet teStS (90% KOdak https://en.wikipedia.org/wiki/Retroreflector

White):
— 1.70e5 candela/m?

2/9/17 Manufacturing Status Review
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Risley Prism Specs

 Suitable for wide range of wavelengths
— 450 nm - 2000 nm

 Coatings available for 660 nm

— Reflectance of about 1%, resulting in above 90 %
transmissivity

e Cost:
— $100 each uncoated
— Additional $5 for coated

2/9/17 Manufacturing Status Review
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Prism Specifications

* Ross Optical P-WRC059
— Diameter: 5.08 cm
— 10° Maximum Beam Deviation (per
prism)
— Wedge Angle: 18° 8
— Angle Error: = 30 arc seconds

— Material: N-BK7 Grade A fine
annealed
« Transmission: 91% at 660 nm
* Density: 2.51 g/cm?
 Thermal Expansion: 7.1 x 106 K~}
— Thi.. —Jge Thickness: 3mm

— Dimensional Tolerance + 0.1 mm

2/9/17 Manufacturing Status Review
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Index of Refraction

« N-BKY7 has variable index of refraction
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Coating Reflectance

2/9/17 Manufacturing Status Review



Prism Attenuation

 Material: N-BK7 Grade A fine annealed
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Prism Diameter

 Beam lines calculated for eight rotations of the
prisms (rotated together to produce maximum
deflection angle)

» Transmitter and two points on the edge of the
receiver are projected straight and their
refractions are calculated for each of the prism
rotations

— This is only part of the receiver field of view. The
lidar is placed to maximize what the receiver can see,
without clipping the transmitter

* Prism diameter based on the farthest point from
the center axis for any beam on any prism face

» Resulting distance is divided by 0.9 to produce
the prism diameter (for best refraction results
from the prism)

» Modeled as blocks for ease of plotting only.
Reported size is the diameter
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Reflection Analysis

Reflection Projection in Detector Plane

% Detector

Possible Risk: Reflections off prisms _ gl
trigger lidar false returns. Three Facs

Reflections were analyzed to determine
If they would hit detector.

This risk can be mitigated by moving
lidar away from prisms.

0015 001 -0.005 0 0.005 0.01 0.015
X (m)
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UV Cured Epoxy

« Upon curing, surface of epoxy exposed
to UV light shrinks forming a meniscus

« \arious techniques can be utilized to
minimize stress upon shrinkage.

 Internal Barrel Button Bond method
selected. Allows for slip fit and minimal
shrinkage stress.

Epoxy Shrinkage shown on
the right. Epoxy mounting
techniques shown on the
left.

https://www.norlandprod.com/techrpt
s/techniques.html

2/9/17 Manufacturing Status Review
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Epoxy Selection

Selected UV Cured Epoxy: Thorlabs NOAS81

« Shrinkage: 1.5 %
« Tensile Strength: 4000 psi
« Glass to Metal bond strength: Excellent
« Cost: $33.5
« Amount per bottle: 1 oz
« Recommended Curing Intensity:
>2 mW/cm? @ 365 nm
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Mounting Stress Analysis

« Allowable Shear Stress: 1000 psi

« Estimated Area Exposed to Epoxy: 0.47 in?

« Allowable Torque: 470 Ib-

in or 53.10 Nm

« Maximum Torque Supplied by Motors: 1 Nm

« \ery low chance of failure

2/9/17

Epoxy Applied Here
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Epoxy Shrinkage shown on
the right. Epoxy mounting
techniques shown on the
left.

86



Ray Propagation

Point |, is associated with direction | Point p, and normal n define a plane

n- (p() - ZO) x [
[-p
» Thedistance travelled between |y and pyis " (Po — o) «||7]|
[-p

 Linel intersectsthe planep at [, 4
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Ray Propagation
Snell’s Law In 3 dimensions

we transform

coordinates such that

our new xand y liein

the plane formed by r,

X and n. The equations
g are shown below

ri - (—=n))

T=(n v nxv), v=—(r; —

. ng .
Ao =a, —a; =sin™ ! | —sin(ag) | — a;
No
Y

o = cos ! (&>
73]l - {Inl

TO:T-R°T_17“7;
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—sin(Aa) cos

cos(Aa)  sin(Aa)
R = (A
0 0

This reducesto Sndll’s
Law in 2 dimensions if
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Ray Propagation

By propagating in between prism faces and
through material interfaces we can trace the ray
path
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Ray Propagation

Topographic Map

/ / dp T Lidar return
R=r—e—n(d, +d;) — ¢  Distance between
cos 1, lidar and first
p —R.] prism
TYz 20 —|—p20 dp Prism Separation
0 1 0 N Prism refractive index
P,=11 0 0 nyz 4/ Distance travelled
0O 0 -1 within prism
[ Direction vector
0 P Position vector
P = DCMmvu - P, + 0 Angle between beam
15 cos(20°) and optical axis
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Scan Pattern to Prism Angles

 Radial component of
points determined by
prism offset angle

Theoretical vs. Approximated Spiral

Once offset angle is
determined, theta
component is found by
rotating prisms together

~
g ol
=
-

Prism angles can be
found numerically for
all points in scan

& A ) N BN o - NS w IS o)
T T T T T T T T T T
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Scan Pattern Approximation

Time Scan:

Scan Center: Scan Edge:

-0.334145

-0.33415

-0.334155

-0.33416

-0.334165

-0.33417

-0.334175

1 1 1 1 1 1 1 1
5.11939 5.1194 5.11941 5.11942 5.11943
X (m)
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Scan Pattern Approximation

Resolution Scan:

Scan Center: Scan Edge:

x10®
T
250

2+

1.5

1+

0.5

ok

0.021649 0.0216495 0.02165 0.0216505 0.021651 0.0216515 0.021652 0.0216525
X (m)
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Prism Positions

Time Scan:

Prism Angular Positions

L

Prism Angular Positions
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Motor Rates
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3

ITEM NO. PART NUMBER DESCRIPTION Detauit/
1 OPRTOO14 SCN, Baseplate 1
2 OASMO0001 SCN, Scanning Stage 2
3 OPRTO012 SCN, Side Bracket 2
4 OPRTO013 SCN, Top Bracket 1
5 #8-32 X 3/8 SHCS 18
e 6 1/4 - 20X 1 SHCS 6
7 OPRT0016 SCN, Dowel Pin, 1/4-20 4
8 0ASMO0021 SCN, Lidar Assembly 1
9 1/4-20 X 5/8 SHCS 4
10 1/4-20 X 3/4 SHCS 4
MACHING ALL SURFACES 10 A 65 MICROINGH
FINISH OR BETTE|
FILLETS .015 MAX .003 MIN
BREAKALL EnCEs 1 INCHES
XX £.01
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8
e ITEM NO. PART NUMBER DESCRIPTION Detavit/
SCN, XY Stage,
I COTS LINEAR STAGE 1
SCN, Z stage,

(10) 2 SN Zstage COTS HEIGHT ADJUSTMENT 1
3 92510A567 SPACER 4

4 VDM28 LIDAR 1

5 # 8- 32 X 3/8 SHCS TBD LENGTH 5

6 # 4-40 X 7/16 SHCS TBD LENGTH 2

7 OPRTOO11 SCN, Lidar Plate 1

8 OPRT0020 SCN, Lidar Bracket 1

9 KM200B TILT STAGE 1

10 # 8- 32 X 1.00 SHCS 4

11 # 8- 32 X 1.125 SHCS 2
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ITEM NO. PART NUMBER DESCRIPTION Detavit/
1 OPRTO003 SCN, Prism Enclosure 1
2 OPRT0009 SCN, Prism 1
3 OPRTO010 SCN, Bearing 2
4 OPRT0002 SCN, Scoan(i)TJgS;i%oge, Main 1
5 ult-165-a-12-a-n-001 BLDC Motor 1
6 OPRT0004 SCN, Rotor 1
7 OPRTO006 SCN, Bearing Clamp 1
8 OPRTO007 SCN, Motor Clamp 1
9 # 8-32 X .5625 SHCS 8
10 #4-40 X .75 SHCS 2
n #4-40 X.3125 4
FLATHEAD
\® 12 |OPRTO00S SCN, Encoder Hub 1
13 OPRT0008 SCN, Encoder Glass Scale 1
14 OPRTO016 SCN, Dowel Pin 4
15 OPRTO016 SCN, Dowel Pin 2
16 0ASMO0019 SCN, Encoder Assembly 1
17 #4-40 X .375 SHCS 6
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BACKUP: MATERIAL

ANALYSIS




Thermal

* Linear Thermal Expansion: Al = lya(Ty — To)

Thermal Expansion Coefficients
c = 131

pn
° Ogg = 6.61 inF

* (52100 :9.61%

Max error (5°F)
« 0.003806°
» 2.5% of error budget
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Mechanical

 Steel dowel pin
~Vipar = T117N
— Tallow = 246 Nm
— Tmaz —1.26 Nm
— FOS =202
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BACKUP. HARDWARE

TRADE STUDIES




Position Sensor Trade Study
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Encoder Trade Study
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Motor Driver Trade Study
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Microcontroller Trade Study
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BACKUP: MOTOR/PRISM

CONTROL




Control Loop

 Built in feedback control
* Primary positional or velocity control
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Position Control

« P.I.D control
« Feedforward acceleration and velocity
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Position around Velocity

« Used when position trajectory must be tracked closely
 Feed forward gains added for better tracking
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Position around Torque

 Point-to-point applications
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 Performed with a motor installed into system

* Oscilloscope
— 1-3Hz square wave
— Channel one: Position Target
— Channel two: Position Measured

* Gains initialized to zero
— 0<Kp<05
0<Ki<9.766
0 < Kd < 0.0008
0 <Kv <0.0008
0<Ka<8x
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BACKUP: CALIBRATION




Test Plan: Calibration (Close-up)
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Theodolite

What does it do?

« Determines vertical and horizontal angles of
surveyed

How does it work?

 Plumb bobs ensures that it Is vertical
relative to the surveying point

* Internal bubble level ensures that it is level
relative to the horizon

* Graduated circles allow for horizontal and
vertical angles of surveyed object to be
measured
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Sources of Error

Sources of Error Must be Calibrated
System Inherent

Lidar:

— Translational deviations
— Rotational deviations
— Beam divergence

Actual

Lidar
Position Desired attitude

aligned with x axis

66)

Beay,

Desired
Position
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Sources of Error

Prisms:
— Uncertainty in wedge angle

— Uncertainty in index of refraction

Prism 1

d® Deviation in parallelism
dX Prism axial deviation

00 Angular position error

X

Desired axial distance between prisms

Actual distance between prisms

2/9/17

Prism 2
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Acceptable / Easily Mitigated
Must be Calibrated

Prism normal vector ideally
aligned with x axis




Sources of Error

Prisms:

— Uncertainty in angular position
— Deviation from parallelism
— Translational deviations

Prism 1
d® Deviation in parallelism

O0X Prism axial deviation

00 Angular position error

X

Desired axial distance between prisms

Actual distance between prisms

Prism 2
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Acceptable / Easily Mitigated
Must be Calibrated

Prism normal vector ideally
aligned with x axis




BACKUP:

SOFTWARE/ALGORITHM




Blender Lidar Simulator

 Blender Is an open-source program for 3D modeling

 Projects points onto any arbitrary face or object to
simulate a lidar scan

 Can extract 3D data by running Python scripts within
Blender

Example Blender artwork
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Blender Lidar Simulator

« Scan pattern is defined on the plane of the ground, and projected
backward onto a sphere centered on the lidar (Blender camera)

« The pattern Is then projected outward from the lidar location onto
the modeled map

« A Python script exports the point cloud to a CSV file
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Hazard Detection Algorithms

Morphological Filter

* ldentifies hazards by height differences between neighboring
points

e Time to run on laptop: 0.31 sec for 10 cm grid
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Time Estimates

Sensor data received
from DAQ

Estimated total time for software elements
when run in Python on a personal laptop:
Estimated time: Coordinate about 0.666 s

0.33s transformations

l

: . Analysis shows that the BeagleBone will run
EStmz)é;idsnme' Morphological Filter ~10.24 times slower (6.83 s). Given our 10 s
margin, we will be well within the time
requirement even after porting to the

_ _ microprocessor. More computationally
ES“%"%tzeg e expensive functions may be written in C for

' speed improvements.
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Error Compensation

We fit the semimajor axis of the error ellipse to a
polynomial a(r)
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BACKUP: BEAGLEBONE




BeagleBone Black Rev C.1
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Expansion Header P8 Pinout
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Expansion Header P9 Pinout

———
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BACKUP: MEASUREMENTS




Measurement Timing

Lidar range and beam attitude measurements

shall be taken within one microsecond.

15 ADC clocks per sample
625 ns full conversion

Reading the quadrature decoder
registers may be accomplished in
this time (~4 ns)

Full measurement time iIs limited by the ADC
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Lidar Measurement

The lidar shall send range data to the on-board
processor or DAQ

* The lidar produces a 0/4 mA to 20 mA current loop
based off of the range between two set points A and
B.

* A 90 ohm resistor is used to turn this into a 1.8 V max
signal which is read on the microcontroller’s ADC

/RSVM&L
0/4mA - 20mA 90 0 V Resolution for a 12 Bit ADC
\‘H (15-0.2) m/ 2712 = 3.613 mm
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Quadrature Decoding

The beam attitude measurement shall be sent to
the on-board processor or DAQ.

* The BeagleBone Black has quadrature
decoders that interface directly with the OPS
optical encoders

« Taking measurements iIs as simple as reading
each counter
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BACKUP: ENCODER

INTEGRATION




OPS Encoder Mounting
Side
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OPS Encoder Mounting Top
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OPS Encoder Alignment
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BACKUP:

COMMUNICATION




Communication Between
Microcontroller and PC

« UART — 115200 bits / sec
« USB 2.0 - 480 Mbits / sec (high speed)
e Ethernet/IP — 10/100/1000 Mbits /sec

Controller-PC communication layer agnostic to protocol

2/9/17 Manufacturing Status Review 158



* WIll require an FTDI
* 115200 bits/s
« 8 data bits per packet

1 start and 1 stop
* 11520 bytes/s
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Ethernet data rate feasibility

IPv4

Max Ethernet packet 1518 bytes

68 bytes of UDP overhead (with IP and Ethernet frames)

1472 bytes left for data = 60 measurements per packet

1512 byte total packet size

100 Mb/s: 8127 frames/sec * 1512 bytes/frame =
12.288 Mbytes/s

1000 Mb/s: 81274 frames/sec * 1512 bytes/frame =
122.8 Mbytes/s
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Ethernet UDP Overhead
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Ethernet UDP Overhead
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USB Data Rate Feasibility

« Universal Serial Bus Specification Revision 2.0

21 measurements for the
maximum data payload
produces a 508-byte data
payload

Speeds should be over 50
million bytes a second
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Power supplies: Components that require power:

User PC BeagleBone ——> TTL to RS485

Encoders Level Shifter

Motor Drivers —> Motors
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Top Level Connections
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BeagleBone Connections
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Lidar Connections
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BACKUP: VERIFICATION

AND VALIDATION




Artec Eva Lite 3D Scanner

Specifications

« 3D resolution: 0.5 mm

« 3D point accuracy: 0.1 mm
Output

* Creates a SOLIDWORKS file of the
scanned object/surface
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Scan Pattern Feasibility

Solution: Perform two system-level tests:

1. Verify that the sensor package can obtain measurements with the required

resolution in a longer period of time

2. Verify the ability of the system to perform a 60-second scan/analysis, even
though the required resolution cannot be met

Resolution requirement test: Time requirement test:

« Lidar frequency: 100 Hz .

« Point spacing (exterior): 2.5 cm

« Exterior spiral arc length: 32.32 m

* Time to complete scan: ~12 min

« Maximum prism angular acceleration

« Required angular velocity: .
4.6536 rpm

« Maximum prism angular acceleration:
4.8e-6 rad/s?

Spiral spacing of 8.66 cm gives 59
total spirals
Time: 50 seconds (leaving margin
for analysis)
Required lidar frequency: 382 Hz
Required angular velocity:
71.0763 rpm
Maximum prism angular acceleration:
3.76e-6 rad/s?
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Test Setup (Lidar)

Recelve return through glass

— Shoot lidar through panes of glass and use oscilloscope to
determine if the lidar Is receiving a return

Range, error and precision

— Over a timespan on 60 sec, consistent measurements with
accuracy of +/- 5 cm must be taken

Reflective tape

— Measure signal return accuracy, consistency, and strength
from surface with and without retro-reflective tape

Sample Frequency

— Using an oscilloscope, determine time (in milliseconds)
between range measurements
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Test Setup (Prisms)

 Must be able to turn beam 20°

— Mount prisms parallel to lidar, manually rotate
prisms and verify 20° beam divergence

* Returns through glass

— If the lidar does not receive returns through glass,
replace the glass with coated prisms and repeat
trials
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Test Setup (Encoders)

* Determine functionality of hardware
— Connect encoders to microprocessor and motors

— Manually move motor to verify functionality of
encoders

 This Is just to test connectivity and verify that
communication is working properly
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Test Setup (Motors)

* Motor functionality

— Connect motors to motor drivers and provide any arbitrary
commands, verify response happens

 All required motor rates must be achievable

— Once motor, encoder, driver, and microprocessor system is
fully integrated

— Command to maximum rate of 71 rpm and hold for 50 sec
— Command to minimum rate of 4 rom and hold for 13 min
* Time to accelerate to desired motor rates

— Given motor rate commands, verify motor accelerations are
within desired bounds from encoder output analysis
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Test Setup (Motor Drivers)

* Given any input the drivers must change the
position of the motors

— This can be visually verified

 Verify that command accuracy of 0.1° can be met

— Can verify commanded vs actual by manually
comparing commanded angle and actual angle

— Can more accurately verify by comparing
computational models of prism rotation, given a single
motor angle displacement, against encoder positions

« Measuring initial and final laser position physically and
predictively in software
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Test Setup (Software)

o Unit tests

— X, Y, Z coordinate rotation

— Read in IMU data, prism positions, and range
« Combine to produce range measurement

— Actual hazard output should match expected
» Expected generated by software mockup

— Generate health and status reports
— Output results
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